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SACRUM PALEOPATHOLOGY IN HUNTER-GATHERERS 
FROM SOUTHERN PATAGONIA
PALEOPATOLOGÍA DEL SACRO EN CAZADORES RECOLECTORES DE 
PATAGONIA AUSTRAL
Manuel Domingo D’Angelo del Campo1,2,3, Laura Medialdea1, Pamela García Laborde2,3, 
Mónica Salemme4,5, Fernando Santiago4,5, Manuel Campo Martín1, 
Armando González Martín1, and Ricardo Anibal Guichón2,3,5
The Sacrum is important for body stability, attachment of the lower limbs and the protection of pelvic organs. This bone may be 
affected by congenital, degenerative or multifactorial pathologies. The aim of the present study is to analyze sacral lesions in a 
well-preserved sample of remains of Southern Patagonian hunter-gatherers and the possible influences of temporal-spatial and 
lifestyle variables, with special attention given to the effects of Native-European contact. Pathological signs from 56 adult sacral 
bones from both sexes and comprising a broad chronological range (5200 years BP- 20th century), were analyzed following the 
methodology proposed by Campo (2003, 2015). Pathologies analyzed showed that native individuals who lived in missionary areas 
presented a higher prevalence of lesions than samples from the remains of individuals, pre-contact and post-contact, from outside 
the missions, except for Schmörl nodes. The effects of age and sex showed similar patterns with respect to other populations. A 
high prevalence of spondylolysis was observed, similarly to Inuit samples. Since the methodology for classifying Spina Bifida 
Oculta -SBO- still lacks standardization, in this work, we propose using the same methods employed by Kumar and Tubbs (2011).
 Key words: Environment, interethnic contact, lifestyle, spina bifida occulta, Tierra del Fuego.
El sacro es importante para la estabilidad corporal, la fijación de las extremidades inferiores y la protección de los órganos 
pélvicos. Este hueso puede verse afectado por patologías de índole congénito, degenerativo o multifactorial. El objetivo del presente 
estudio es analizar lesiones sacrales en una muestra bien preservada de cazadores-recolectores de Patagonia Austral y la posible 
influencia de los factores temporo-espaciales y el estilo de vida, con especial atención al momento de contacto nativo-europeo. 
Se analizaron 56 sacros adultos de ambos sexos fechados en un amplio rango cronológico (5.200 años AP - s. XX), siguiendo 
la metodología propuesta por Campo (2003, 2015). Las patologías analizadas mostraron que los individuos originarios que 
habitaron espacios misionales presentaron mayores niveles de prevalencia que sujetos pre-contacto y post-contacto fuera de la 
misión, excepto en el caso de los nódulos de Schmörl. Los efectos de la edad y el sexo mostraron un patrón similar al observado 
en otras poblaciones. Se apreció una alta prevalencia de espondilolisis, similar a la observada en Inuits. Debido a la carencia de 
una metodología estandarizada en la clasificación de la Espina Bífida Oculta -SBO-, este trabajo propone el uso de la propuesta 
por Kumar y Tubbs (2011).
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The sacrum lies at the base of the spine, being 
directly related to its form, shape and stability. It 
is one of the three bones that composes the pelvic 
girdle, the structure that transfers the weight from the 
upper axial skeleton to the legs, provides the point 
of attachment for the lower limbs. It also contains 
and protects the organs located in the pelvic cavity 
(Apazidis et al. 2011; Peleg 2007). Unlike other 
skeletal regions, paleopathological analysis of the 
spine often shows a high frequency of lesions (Campo 
2003). The pathologies examined in the present study 
of the spine’s sacral region were: Schmörl nodes 
(SNs), spondyloarthrosis (SA), spina bífida occulta 
(SBO), and spondylolysis (SL).
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Sacrum Pathologies
Schmörl nodes are a frequent defect of the 
vertebral bodies, fundamentally affecting the 
dorsolumbar region of the spine (Kyere et  al. 
2012; Schmörl and Junghanns 1959). They are the 
consequence of an intervertebral disk protrusion 
that involves the adjacent cartilaginous end plate 
of the vertebra (RANM, 2011). Its etiology is not 
well known, and different hypotheses have been 
proposed: (1) The torsional forces to which vertebrae 
are subjected in early stages of the development of 
individuals (Dar et al. 2010); (2) Biomechanical factors 
effect on the spine. As the lower thoracic region of 
the spine has limited mobility and thin intervertebral 
disks, there is a high risk of lesion by torsion stress 
(Burke 2012); (3) Morphology, fundamentally of 
lower back vertebra, could predispose the individual 
to biomechanical instability (Plomp et al. 2012); 
(4) Genetical predisposition (Willians et al. 2007).
Spondyloarthrosis is a type of osteoarthritis to 
the spine frequently observed in the archaeological 
record (Ortner 2003; Weiss and Jurmain 2007). 
It is characterized by an initial degeneration of 
intervertebral disks that may be linked to a disk 
protrusion and mild osteophytic reaction. The disk 
height loss, together with the repeated abnormal 
intersomatic movements, cause a variation in the 
normal disposition of the apophyseal surface of 
the joints, resulting in their functional overload, 
which is often accompanied by degenerative defects 
(RANM 2011). The etiology of such an anomaly is 
considered multifactorial. As bones have a limited 
level of reaction, different pathologies have the same 
clinical manifestation and cause similar bone defects 
(Weiss and Jurmain 2007). The joint lesions related 
to SA are osteophytes, lipping, and eburnation, the 
latter being considered as a pathognomonic sign 
(Campo 2015; Rogers and Waldron 1995).
Spondylolysis is a defect of the spine, involving 
any vertebra, in which a fracture of the pars 
interarticularis separates the neural arch from the 
body of the vertebrae. It occurs in the fourth and 
fifth lumbar vertebrae in 95% of cases (Grogan 
et al. 1982). Clinical evidence suggests repetitive 
trauma as one of the most probable causes of 
such a defect (Duerson et al. 2016). Nevertheless, 
hereditary predisposition of the vertebral structure 
(Wynne-Davies and Scott 1979; Yamada et  al. 
2013) and SBO (Fredrickson et al. 1984; Wynne-
Davies and Scott 1979) have been also suggested as 
influential factors for developing this pathology. To 
date, its etiology has been multifactorial, including 
causes such as a stress fracture linked to congenital 
weakness of the pars interarticularis in some 
cases (Krenz and Troup 1973; Peng 2016; Ward 
et al. 2010). SL is asymptomatic in most cases, 
but back pain may be present, particularly when 
displacement of the vertebrae occurs, a disorder 
known as spondylolisthesis (Haun and Kettner 2005), 
although the etiopathogenesis of both conditions 
are different (Merbs 1996a).
Spina bífida occulta is a congenital anomaly 
affecting more frequently the lumbosacral region 
(Barnes 1994; Ferembach 1963). It is characterized 
by the incomplete fusion of the neural vertebral arch, 
thereby creating a small cleft. When such a lesion 
occurs, the neural tube remains in place without 
displacement of the spine. It is one of the most 
common developmental defects in archaeological 
samples and the most common in the spine (Barnes 
1994; Masnicova and Venus 2003; Mosothwane 
and Stein 2009; Sarry El-Din and El-Shafy El 
Banna 2006). The etiology is multifactorial and 
complex, resulting in a combination of genetic and 
environmental factors (Seller 1994). In medical 
practice, SBO is a common condition with little 
clinical significance. However, studies evidence 
that this anomaly could be associated with lower 
back pain, posterior disk herniation, urodynamic 
problems and other abnormalities of the lower 
urinary tract, backache, enuresis, and neurological 
abnormalities of the feet (Armstrong 2012; Avrahami 
et al. 1994; Fidas et al. 1987). SBO has a wide 
spectrum of prevalence depending on the population; 
nevertheless, the range varies between populations. 
For example: Hamann-Todd’s collection (USA) 
indicates a prevalence between 1,2 to 50% (Eubanks 
and Cheruvu 2009), while the documented collection 
at Adelaide University (Australia) reports a range 
of between 2 and 25% (Albrecht et al. 2007).
Before analyzing these anomalies, it is 
recommended to assess the preservation and 
taphonomic state of the bones under examination 
and to consider factors related to sample quality and 
quantity, which may limit the conclusions (Rascón 
et al. 2011; Séguy and Buchet 2011; Waldron 1987).
Biocultural Context
Southern South America and the Tierra del Fuego 
archipelago show special biogeographical characteristics, 
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conforming a set of islands and channels close to the 
Antarctica. On the one hand, Southern Patagonian 
populations are characterized by presenting a high 
degree of isolation from the rest of the American 
populations as evidenced by genetic studies (Crespo 
et al. 2018; de la Fuente et al. 2015, 2018; Lalueza 
1997; Pérez and Monteiro 2009) and morphometric 
(Cocilovo and Guichón 1986; González-José et al. 2002; 
Guichón 1994; Pérez and Monteiro 2009; Pérez et al. 
2007; Varela et al. 1993-94). On the other hand, there 
is an internal degree of homogeneity between such 
populations as reported in previous genetic (Crespo 
et al. 2017; García-Bour et al. 2004; Lalueza 1997) 
and morphometric (Bernal et al. 2010; González-Jose 
2003; Hernández et al. 1997; Lalueza et al. 1996) works. 
From the Early Holocene to continuous contact with 
non-native populations, local societies were terrestrial 
and maritime nomadic hunter-gatherers with a high 
mobility (Borrero 2001; Borrero and Martin 2018; 
Guichón 1994; Santiago 2009). The continuity of these 
lifestyles throughout this period has been reported in 
archaeological and stable isotope studies (Barberena 
2002; Borrero and Barberena 2006; Valenzuela et al. 
2019; Zangrando 2009).
The contact between natives and foreign 
people can be divided in two different periods: (1) 
Discontinuous contact, from the 16th-19th centuries. 
The territory was explored by the Europeans, but 
settlement attempts in the area were scarce and 
not successful (Martucci 2016); (2) Continuous 
contact, from mid-19th century to the present date. 
A contingent of foreign people arrived in this area, 
creating settlements and farms which occupied the 
places usually used by natives to live, hunt and gather. 
The foreigners’ lifestyle was imposed upon them, 
involving deeper transformations in their way of 
life and cultural matters, as well as social changes 
that implied important biological repercussions 
(Casali 2011). These societies changed from a high 
mobility nomadism to a sedentary lifestyle with a 
high level of population density and sometimes 
overcrowding. They were forced to assimilate new 
physical labors, clothes, diet, hygiene practices, 
mystic world views and religion, funeral rituals, 
monogamous relationships, mono-familial housing 
and a concept that had not previously existed for 
the natives: private property (Casali 2011; Martucci 
2016). Native-European contact also implied a 
variation in the health of natives, increasing their 
risk of developing certain diseases. Several studies 
have indicated an increase in the prevalence of 
pathological signs in post-contact samples, mainly 
in missional areas (D’Angelo del Campo et al. 2017; 
García Laborde et al. 2010; Guichón et al. 2006; 
Moreno Estefanell et al. 2018).
Finally, it is important to note that Southern 
Patagonia it is characterized by isolated inhumations 
with few exceptions (Guichón et al. 2001; L’Heureux 
and Amorosi 2009, 2010; L’Heureux and Barberena 
2008; Santiago et al. 2011) and without cemeteries 
before the European Contact times. Nevertheless, 
three necropolises from the contact period are 
known: cemetery of the Salesian Mission “Nuestra 
Señora de La Candelaria” (SMLC, Río Grande, 
Argentina), cemetery of the Salesian Mission “San 
Rafael” (Dawson Island, Chile) and cemetery of 
the Anglican Mission (Ushuaia, Argentina); all 
associated with religious missions.
Objective
The aim of this study was to analyze sacral 
pathologies in a sample of 56 hunter-gatherers from 
Southern Patagonia and the possible influences of 
temporal-spatial and lifestyle variables ogether 
with an approximation of the effects of Native-
European contact in native populations. From what 
has been indicated by historical documents and 
previous paleopathological studies in other bones, 
we hypothesize that the prevalence of sacral lesion 
may have been higher after contact between natives 
and Europeans, especially in SMLC.
Material and Methods
The sample analyzed was composed of 56 
sacrum bones of human skeletons from Southern 
Patagonian, continental and insular territories below 
50º S (Figure 1; Table 1, Supplementary information 
table 1). The remains are housed in Argentinian 
institutions: Museo del Fin del Mundo (MFM, 
Ushuaia), Centro Austral de Investigaciones Científicas 
(CADIC, Ushuaia), Museo Fagnano de la Misión 
Nuestra Señora de La Candelaria (Río Grande), 
Puerto Santa Cruz skeletal collection (Puerto Santa 
Cruz), Laboratorio de Ecología Evolutiva Humana 
(Quequén -LEEH-) and Museo Etnográfico Juan B. 
Ambrosetti (ciudad de Buenos Aires), in addition to 
a collection housed in the Instituto de la Patagonia 
(IP, Punta Arenas, Chile).
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Of the 56 individuals analyzed, 44 had 
already been sexed and their age had already been 
estimated in previous studies (reference column, 
Table 1, Supplementary information table 1). In 
the remaining twelve, age at death was estimated 
by the analysis of pubic symphyses (Brooks and 
Suchey 1990; Todd 1921a, 1921b), epiphyseal fusion 
(Buikstra and Ubelaker 1994), auricular surface 
(Lovejoyet al., 1985) and the metamorphosis of 
the fourth sternal rib end (Isçan et al. 1984). Due 
Figure 1. Location of archaeological sites analyzed in Southern Patagonia.
Localización de los sitios arqueológicos estudiados en Patagonia Austral.
Table 1. Skeletons and prevalence of pathological signs and taphonomy from 
Southern Patagonia, classified by chronology, period, age, and sex.
Esqueletos y prevalencia de signos patológicos y tafonomía de Patagonia Austral, 
clasificados por cronología, periodo, edad y sexo.
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n (%) n (%) n (%) n (%) n (%) n (%)
Period
Pre-contact 15 93.3 81.84 2 (13.3) 10 (66.7) 4 (28.6) 3 (21.4) 2 (18,2) 1 (6.7)




10 94 88.42 0 2 (22.2) 3 (30) 4 (40) 2 (20) 0
SMLC 11 100 94 1 (11.1) 3 (33.3) 6 (54.5) 6 (54.5) 3 (27.3) 1 (9.1)
Total 21 97.1 91.4 1 (5.3) 5 (27.8) 9 (42.8) 10 (47.6) 5 (23.8) 1 (4.8)
Region
CB 17 97.6 92.9 1 (5.9) 8 (47.1) 5 (29.4) 7 (41.2) 1 (5.9) 0
IG 26 99.2 93 2 (8.3) 10 (41.7) 9 (36) 10 (40) 5 (19.2) 1 (3.8)
C 11 87.3 78.5 1 (10) 4 (40) 1 (10) 1 (10) 1 (9.1) 1 (9.1)
Age
≤ 30 17 97.6 89.2 1 (5.9) 6 (35.3) 3 (17.6) 6 (35.3) 4 (23.5) 2 (11.8)
> 30 24 98.3 92 3 (12.5) 11 (52.4) 12 (57.1) 12 (57.1) 2 (8.7) 0
Sex
F 17 97.6 89.7 1 (6.2) 9 (56.2) 5 (31.2) 5 (31.2) 2 (13.2) 0
M 34 95.9 89.7 3 (9.4) 13 (40.6) 10 (30.3) 13 (39.4) 5 (17.2) 2 (5.9)
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to the scarce number of skeletons over 45 years of 
age, skeletal remains were classified in two age 
ranks: ≤ 30 years (17 individuals) and > 30 years 
(24 skeletons); the other 15 (26.8%) are adults but 
with an undetermined age. Skeletons were sexed 
following the methods described by Buikstra and 
Ubelaker (1994) based on the cranium and hip 
bones. The sample was composed of 34 males, 17 
females and 5 undetermined. Adult individuals (>18 
years old at death) of both sexes, with at least 50% 
of the sacrum present and comprising at least three 
sacral vertebrae, were included in this study. These 
requirements reduced the sample composed of 98 
individuals to 56 (57.4%).
Individuals have been dated from 5200 years 
BP to the 20th century by different authors (Table 1, 
Supplementary information table 1). Thus, 15 
skeletons from the pre-contact period (before 
500 years BP), two peri-contact period (499-400 
years BP, Magellan crossed its strait homonym in 
1520 AP. Given the range of error associated with 
chronological analyses, this time interval might 
have coincided at some point with the Magellan 
expedition) and 21 from the contact period (399 
years BP - the 20th century). From these remains, 
11 were exhumed from the cemetery of the SMLC 
(lat. -53.72º, long. -67.79º). SMLC was settled in 
1893 with the aim of “civilizing” native people. 
The cemetery was excavated recovering the skeletal 
remains of 33 adult and non-adult individuals. The 
necropolis was used by missionaries and natives 
between 1897 and 1948. From 1911, it was also 
used by the Allochtoon Fueguian population not 
affiliated with any religious order, who refer to 
themselves as ancient settlers (Casali 2011; García 
Laborde 2017; Guichón et al. 2006). There was no 
chronological information for 18 skeletons.
The skeletal remains were recovered from 
41 archaeological sites distributed throughout the 
Southern Patagonia. As shown in Figure 2, the area 
is divided into three regions: Continent (C), Great 
Island (IG), and Beagle Channel (CB). There were 
11 individuals (19.6%) in C, 26 (46.4%) in IG and 
17 (30.4%) in CB Two individuals (3.6%) remained 
with no information about their origin.
The sacra were analyzed following the 
methodology proposed by Campo (2003, 2015). 
This procedure examines each segment of the 
Figure 2. Geophysical areas of Southern Patagonia, modified from Borrero et al. (2001).
Áreas geofísicas de Patagonia Austral, modificado de Borrero et al. (2001).
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spine macroscopically, attending to the diverse 
characteristics of each region and considering several 
factors; with respect to the sacrum, these include 
preservation, SNs, SA, SL, and SBO.
Preservation was determined by means of two 
parameters based in the completeness of the sample:
(1) Preservation Quantitative State (PQnS), according 
to the formula:
PQnS =
Number of present vertebrae
Total number of vertebrae 5( )
 x 100.
(2) Preservation Qualitative State (PQlS):
PQlS =
PQlS partial coefficient of
each present vertebra
Theorical maximun 7( )x
Total number of vertebrae 5( )
 x 100.
The Partial PQlS coefficient is the result of 
completeness of the different structures of each 
vertebra (vertebral body and apophyseal joints of the 
vertebral arch). The theoretical maximum of partial 
PQlS, i.e., complete body and both arches with all 
the apophyseal joints, is 7 (3 body + 2 left arch + 
2 right arch). The total number of vertebrae is 5, 
except for the sacrum with alterations in the number 
of elements (for further information on the methods, 
see Campo 2003, 2015). When an incomplete sacrum 
was found, comprising 4-7 vertebrae, the theoretical 
number of 5 was assumed.
Concerning pathologies in the vertebral body, two 
kinds of lesions were examined: (1) the presence/absence 
of SNs was analyzed at S1 superior’s endplate. Nodes 
were categorized in two groups: (a) mild to moderate; 
(b) severe, when the negative cast of nucleus pulposus 
in the vertebral body presented penetration(s) or a 
depression of considerable depth. In such a depression 
cancellous bone had to be observed. Marginal ridge 
overcome was indicated when present. (2) Body SA, 
i.e., osteophytes, considering the maximum expression 
observed. The lateral symmetry of the endplate was 
examined, subdividing the vertebral body into left (L) 
and right (R) sides with respect to the sagittal axis. The 
anomalies were classified according to (a) elevated 
marginal ridge with an overcome of the edge; (b) curved 
spikes and/or great visors; (c) ankylosis or fusion.
On the other hand, pathological conditions 
examined in arch elements were: (1) SA of the 
articular facets, i.e., defects at the two articular facets 
were studied independently considering: (a) Lipping, 
with three possible types of expression: (a.1.) sharp 
relief, sometimes curled with spicules; (a.2.) wide 
spicules formation; (a.3.) ankylosis. (b) Eburnation, 
two likely condition states: (b.1.)  just polished; 
(b.2.) polished, pearl appearance, with macroporosity. 
(2) SLs was examined to evidence unfused fractures 
of the pars interaticularis located at the vertebral 
arch lamina. All possible defects related to this 
region, whether complete or incomplete, unilateral 
or bilateral, were recorded. (3) SBO was registered 
when S1 presented an unfused neural arch. When the 
aperture was produced in the other sacral vertebras 
(S2-S5), it was considered be hiatus sacralis as 
some clinical studies have pointed out (Hennenberg 
and Hennenberg, 1999). In order to contextualize 
the results of SBO from Southern Patagonia, we 
carried out a review of published papers on SBO 
in archaeological samples. Thus, SBO, SB, hiatus 
sacralis, dysraphism and sacrum paleopathology were 
used as keywords for the searching process in journals, 
books and PhD theses. Data were extracted into a 
database, including authors, year of publication, origin, 
chronology, sample size, prevalence, methodology 
of analysis, and lifestyle (Table 2, Supplementary 
information table 2).
The R package (version 3.4.4) was used for data 
treatment. Moreover, Microsoft Excel, R and Gimp 2 
were used to generate graphical resources. For each 
frequency analysis, the number of affected vertebrae 
regarding available and observable vertebrae were 
considered. To explore differences by period, region, 
age and sex in the sacrum, we applied the ANOVA 
test for quantitative variables and the chi-square test 
for qualitative variables with a confidence level of 
95% (  = 0.05).
Results
Both PQnS and PQlS gave a result of over 
90%, showing a very good preservation of Southern 
Patagonia sacral bones (Table 1, Supplementary 
information table 1). PQnS was 100% in 48 individuals 
(85.7%); 80% in 6 (10.7%) and 60% in 2 (3.6%). For 
PQlS, there was greater disparity between the sacral 
bones, ranging from 47.6% to 100%; 33 individuals 
(58.9%) presented a value of 100%; 13 (23.2%) were 
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Table 2. Descriptive analysis of pathological signs by means of chronology, region, age and sex.






SMLC Total DF Value Signification
n 15 10 11 36
Schmörl Nodes 2 0 3 5 2 3.264 0.196
Body SA 10 2 5 17 2 5.263 0.072
Lipping 5 3 6 14 2 1.662 0.436
Eburnation 4 4 6 14 2 2.083 0.353





SMLC Total DF F Value Signification
PQnS 90.30 ± 12.30 94.00 ± 13.50 100 ± 0.00 95.57 ± 10.8 2 1.38 0.266
PQlS 81.84 ± 22.23 88.42 ± 20.01 94.04 ± 9.48 87.39 ± 18.81 2 1.39 0.264
Region
Individuals χ2 test
C IG CB Total DF Value Signification
n 11 26 17 54
Schmörl Nodes  2  4  1  7 2 1.156 0.561
Body SA  5 12  8 25 2 0.007 0.996
Lipping  2 10  5 17 2 1.523 0.467
Eburnation  2 11  7 20 2 2.112 0.348
SBO  1  5  1  7 2 2.767 0.234
Mean ANOVA
C IG CB Total DF F Value Signification
PQnS 87.30 ± 16.20 99.20 ± 3.92 97.60 ± 6.64 96.47 ± 9.55 2 7.91 0.001**
PQlS 78.47 ± 22.82 93.02 ± 13.37 92.94 ± 13.32 90.03 ± 16.46 2 3.76 0.030*
Age
Individuals  2 test
≤ 30 > 30 Total DF Value Signification
n 17 24 41
Schmörl Nodes  1  6  7 1 2569 0.109
Body SA  6 14 20 1 2114 0.146
Lipping  3 13 16 1 5577 0.018*
Eburnation  6 13 19 1 1425 0.233
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SBO  4  2  7 1 3123 0.077
Mean  ANOVA
≤ 30 >30 Total DF F Value Signification
PQnS 97.60 ± 6.64 98.3 ± 8.16 98.05 ± 7.49 1 0.08 0.777
PQlS 89.15 ± 16.92 92.04 ± 14.85 90.84 ± 15.60 1 0.34 0.565
Sex
Individuals χ2 test
Female Male Total DF Value Signification
n 15 29 44
Schmörl Nodes  2  5  7 1 0.083 0.774
Body SA  7 19 26 1 0.981 0.332
Lipping  6 11 17 1 0.044 0.834
Eburnation  6 14 20 1 0.165 0.685
SBO  2  5  7 1 0.297 0.586
Mean ANOVA
Female Male Total DF F Value Signification
PQnS 97.60 ± 6.64 98.3 ± 8.16 98.05 ± 7.49 1 0.08 0.777
PQlS 89.15 ± 16.92 92.04 ± 14.85 90.84 ± 15.60 1 0.34 0.565
between 77.1% and 97.1%; and 10 (17.9%) were 
between 47.6% and 69%. It was possible to observe 
chronological differences. Thus, post-contact remains 
exhibited higher PQnS and PQlS than pre-contact 
bones; at the same time, SMLC remains showed 
higher values than the individuals from outside of the 
mission. Differences were also identified based on 
the region of provenience. Hence, IG had the highest 
level of both indexes, but its values were close to 
those of CB; however, the differences in the indicators 
for both IG and CB compared to C was higher than 
10%. Age variances were also detected. For example, 
young adults and adults were very well-preserved 
with PQnS above 95% and PQlS near to or above 
90%. With regards to sex variations, PQnS was 1.7% 
higher in females and both cases presented values 
higher than 95% (Table 1). The ANOVA test only 
showed significant statistical differences in the mean 
values for both PQlS (p < 0.05) and PQnS (p < 0.01) 
mean values, according to region (Table 2). A post-hoc 
Tukey test (Table 3) revealed that the mean value for 
PQlS was significantly lower in C compared to IG 
(13.25, p < 0.01) and CB (12.42; p < 0.05). PQnS 
was found to be significantly higher in C compared 
to IG (11.96, p < 0.01) and CB (10.37 p < 0.01).
The prevalence of SN in S1 was scarce in the 
examined sample. Four individuals (7.5%) showed 
this lesion (Table 1, Supplementary information 
table 1); two of them were moderate and the other two 
severe (Figure 3). Moreover, the individuals affected 
by this lesion were heterogeneously distributed by 
period, region, age and sex (Table 1). Pre-contact 
remains presented a higher prevalence (13.3%) than 
post-contact (5.3%); nevertheless, SMLC sample 
prevalence (11.1%) was similar to the pre-contact 
Table 3. Relationship between 
taphonomy indexes among regions.
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period. It should be noted that the individual (Id-
25884) presenting this condition was found close 
to the SMLC remains, but there is no chronological 
information available. In terms of region, there 
is a gradual decrease in SN prevalence along the 
Patagonian North-South axis. Thus, the highest 
prevalence was observed for C (10%), the average 
in IG (8.3%), and the smallest in CB (5.9%). Age 
seemed to be an important factor for the presence 
of SN lesions, showing a clearly differential pattern 
in relation to adulthood. The prevalence was higher 
in males (9.4%) than in females (6.2%).
Another examined lesion at vertebral body level 
was the osteophytes existence at S1, which showed a 
prevalence of 43.4% in the examined sample (Table 1, 
Figure 3, Supplementary information table 1). 
Regarding chronology the prevalence in pre-contact 
(66.7%) doubled post-contact (27.8%), resulting in 
higher values (33.3%) than outer mission individuals 
(22.2%). With respect to region, South-North gradient 
was observed, revealing the highest values at CB 
(47.1%) and the lowest at C (40%). As described for 
SNs, the prevalence of osteophytes increased with 
age and female remains showed higher prevalence 
(56.2%) than male individuals (40.6%). None of the 
differences were statistically significant (Table 2).
Regarding to the SA of S1 articular facets, two 
lesions were examined: (1) Lipping: which affects 
16 individuals (29.6% -Table 1, Supplementary 
information table 1), with high prevalence in post-
contact sample (42.8%), fundamentally in SMLC 
(54.5%). The region with the highest prevalence was 
IG (36%), followed by CB (29.4%), and finally, with 
a value three times lower, by C (10%). Similarly, 
to the case of osteophytes, there is an increase in 
the prevalence of this lesion in relation to age. The 
values for lipping in females (31.2%) and males 
(30.3%) were similar (Table 1). Age differences 
were statistically significant (p = 0.018), the only 
pathological analysis that showed a significant 
p-value (Table 2). (2) Eburnation was observed in 
19 sacra (35.2% -Table 1, Supplementary information 
table 1), with the same pattern of lipping; SMLC 
showed the highest prevalence (54.5%) followed 
by individuals from outside the mission (40%), and 
finally pre-contact remains (21.4%). However, the 
regional pattern varied,  with CB showing the highest 
prevalence (41.2%), followed closely by IG (40%), 
Figure 3. Pathological sacrum signs: (1) SA, lipping at left articular S1 facet with sharp relief and spicules - individual LEEH 
ED-10; (2) SA, eburnation at right articular S1 facet, polished with a pearl appearance and macroporous state - ind. MFM CH95; 
(3) SA, curved spikes on left and right sides of the S1 sacral vertebral body - ind. IP 288; (4) Severe SNs - ind. LEEH C13; (5) 
Complete and bilateral SPs of S1 - ind. LEEH C11: (5a) S1 arch (5b) sacral bone without S1 arch.
Signos paleopatológicos sacrales: (1) SA, labiación en la carilla articula izquierda de S1 que presenta un relieve afilado con 
espículas - individuo LEEH ED-10; (2) SA, eburnación en la carilla articular derecha de S1 que muestra una superficie pulida con 
apariencia perlosa y macroporosidad state - ind. MFM CH95; (3) SA, espículas curvadas en ambos lados, izquierdo y derecho, 
del cuerpo vertebral de S1 - ind. IP 288; (4) SN severo severe - ind. LEEH C13; (5) SP complete y bilateral de S1 - ind. LEEH 
C11: (5a) arco S1 (5b) hueso sacral sin arco en S1.
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and C presented a value four times lower (10%). 
In the same way as other degenerative pathologies, 
there was an increase in of eburnation in older 
individuals. In this case, prevalence was higher in 
males (39.4%) than in females (31.2%), None of the 
differences described with respect to this pathology 
were statistically significant.
Two cases of SL were observed at the sacrum 
(3.6%). Both consisted in a complete bilateral 
lesion at S1 (Figure 3). Individuals that showed 
the alteration were: Orejas de Burro 1 (1), a young, 
pre-contact man (20-25 yrs.) from SGB, and C 
11 (1), a young man (20-30 yrs.) from SMLC. It 
should be noted that this lesion was not observed 
post-contact remains from outside the mission, 
neither in the CB region, nor in or adults (Table 1, 
Supplementary information table 1).
With respect to SBO, 7 individuals (12.5%) 
showed unfused S1, 40 (71.4%) exhibited hiatus 
sacralis, and 9 (16.1%) did not present any alteration of 
the neural arch (Figure 4, Supplementary information 
table 1). Note that all individuals presenting unfused 
S1 also exhibited another alteration of the sacral 
arch. There were no cases showing the whole open 
vertical arch. The frequency of the anomaly varied 
depending on the vertebra examined: there were seven 
cases in S1 (12.5%), 0 in S2, 2 in S3 (4.2%), 13 in S4 
(27.1%), 35 in S5 (72.9%), 9 in S6 (60.0%), and 2 in 
S7 (50%). In the same individual, the affected number 
of vertebras varied. Thus, 21 (43.8%) presented at 
least one anomaly, 11 (22.9%) two, 4 (8.3%) three, 
and 3 (6.3%) four. As depicted in Table 1, there were 
differences in SBO regarding: (1) period, where the 
sample from SMLC presented the highest value 
(27.3%) compared to the post-contact sample from 
outside the mission (20%), and the pre-contact 
sample (18.2%); (2) regions, where remains from 
IG showed the highest prevalence (19.2%), doubling 
that observed at C (9.1%), and trebling that of CB 
(5.9%); (3) age factor, where contrary degenerative 
disease and SN patterns showed a higher prevalence 
in adults under 30 (23.5%); and (4) sex, where males 
presented a higher prevalence (17.2%) than females 
(13.2%). However, none of these differences were 
statistically significant (Table 2).
Regarding the review of SBO in archaeological 
samples (Table 2, Supplementary information 
table 2), 50 works have been carried out, comprising 
79 samples from different populations. 38 of these 
populations reported data on S1, although only 
eight considered this character to indicate an SBO 
diagnosis. Besides, 40 populations spread data on 
S1-S5. Finally, 46 works considered any sacral crest 
aperture as SBO. Taking continental distribution in the 
studied mentioned into account, African populations 
showed the lowest incidence values for S1 aperture 
Figure 4. Variations in the sacral vertebral arch: (1) Normal sacral bone without incomplete arches - individual ME 13276; (2) 
Sacral bone with SBO and hiatus sacralis - ind. MFM 796 -.
Variaciones en arco vertebral sacral: (1) Sacro normal con todos los arcos cerrados - individuo ME 13276; (2) Hueso sacral con 
SBO y hiatus sacralis - ind. MFM 796 -.
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Figure 5. Jittering and box-plot, each point represents the total 
percentage of populations by continent. Points on the Southern 
Patagonia column are: (1) pre-contact, (2) contact period excluding 
Salessian Mission “Nuestra Señora de La Candelaria”, (3) 
Salessian Mission “Nuestra Señora de La Candelaria”.
Jittering y box-plot, cada punto representa el porcentaje total 
de cada población por continente. Los puntos de la columna 
de Patagonia Austral son: (1) pre-contacto, (2) periodo de 
contacto, excluyendo los individuos de la Misión Salesiana 
“Nuestra Señora de La Candelaria”, (3) Misión Salesiana 
“Nuestra Señora de La Candelaria”.
Table 4. Descriptive analysis of SBO variation by continent 
from bibliographic review.











(0.7-16.9%), followed by European samples (0-
18.4%). American populations showed intermediate 
values (0-12.4%), while Asia (2.86-25%) and Oceania 
(0-32.5%) presented the highest (Table 4, Figure 5).
Discussion
Since inadequate preservation could limit and/
or reduce the possibility of identifying pathological 
traces, the very good preservation observed has 
allowed for the proper characterization, examination 
and identification of alterations in the sacral bone 
(Rascón et  al. 2011). The scarce taphonomical 
alteration observed could be related to numerous 
factors. For example, the very good preservation 
observed in the SMLC sample could be related to 
edaphic, pH, environmental or culturally specific 
characteristics of the cemetery (García Laborde 
et al. 2015).
The prevalence of SNs observed in the sacrum 
was lower than that described in the vertebral column 
of Southern Patagonian individuals: pre- and post-
contact (Suby 2014), and SMLC (Moreno Estefanell 
et al. 2018). In previous studies, no references to 
sacrum pathologies were mentioned. The same 
pattern has been reported in other populations, 
where the prevalence of SNs in the sacrum was 0% 
or close to null (Burke 2012; Faccia and Williams 
2008; Novak and Slaus 2011; Üstünda  2009). 
The highest prevalence was found in pre-contact 
remains, contrary to what has been observed in the 
vertebral column, where SMLC presented a high 
prevalence of SNs, while that of pre- and post-contact 
samples remained approximately three times lower 
(Moreno Estefanell et al. 2018; Suby 2014). Some 
studies (Dar et al. 2010; Plomp et al. 2012; Williams 
et al. 2007) indicate that physical activity may not 
explain the presence of this lesion, as it is linked 
to genetic factors. In this sense, the individuals 
examined in this work had a great level of genetic 
and morphometric isolation and were ancestrally 
related. However, their lifestyles did differ among 
them due to two main causes: (1) terrestrial and 
maritime hunter-gatherering (2) European-Native 
contact. A prevalence of 75% (3/4) of SNs in the 
sacrum was found in human remains coming from 
regions traditionally associated with terrestrial 
hunter-gatherers. Taking into account the studies of 
SNs in vertebral columns individuals from southern 
Patagonia carried out by Moreno Estefanell et al. 
(2018) and Suby (2014), no evidence of human 
remains was reported from places traditionally 
associated with maritime hunter-gatherers, such 
as the Beagle Channel or the Cordillera Última 
Esperanza. Besides, half of the cases of SNs, i.e., 
two individuals (Id-25884 and Id-C13), come 
from the SMLC cemetery or nearby. Nevertheless, 
etiological divergences and multifactorial origins 
make it difficult to establish of a direct relationship 
between this pathology and lifestyle. As observed 
in the spine of individuals from pre- and post-contact 
from outside SMLC (Suby 2014), the higher prevalence 
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was described in the C region. However, the differences 
between regions were lower in the sacrum than in the 
sections of the spine examined by Suby (2014), who 
indicated a prevalence of 62.5% in C, 12.5% in IG and 
0% in CB. Regarding age, the observed pattern in the 
whole spine contrasted with the sample analyzed by 
Suby (2014), where 66% of the individuals between 
20-35 years of age presented this condition. There is 
still no consensus effects of age on SNs. Some authors 
to point out a higher prevalence in mature and senile 
individuals (Jiménez-Brobeil et al. 2010; Novak and 
Slaus 2011), while others did not find differences 
among age groups (Dar et al. 2010; Jiménez-Brobeil 
et al. 2012; Üstünda  2009). Concerning sex, the 
prevalence was higher in males (Burke 2012; Faccia 
and Williams 2008; Jiménez-Brobeil et al. 2010, 2012; 
Moreno Estefanell et al. 2018; Novak and Slaus2011; 
Suby 2014; Üstünda  2009).
Osteophytes present in the sacrum usually show 
similar or lower prevalence levels with respect to the 
lumbar region, the last lumbar vertebrae (Jurmain 
and Kilgore 1995; Novak and Slaus 2011; Sofaer 
Derevenski 2000; Üstünda  2009; Waldron 1991). 
However, some exceptions have been observed, such 
as the Soacha Muisca pre-contact series from what 
is Colombia today (Rojas-Sepúlveda et al. 2008). 
As in Soacha Muisca, our pre-contact Southern 
Patagonian remains presented higher prevalence in 
S1 than in L5 from pre- and post-contact and SMLC 
individuals. At the same time, levels at S1 are higher 
in pre-contact than in post-contact individuals, in 
contrast to the pattern observed in the vertebral 
column (Moreno Estefanell et al. 2018; Suby 2014). 
Nevertheless, the same analysis according to region 
showed a lower prevalence of Osteophytes in S1 
with respect to L5 in the three areas; in contrast to 
the results obtained for the whole spine, where the C 
region presented the lowest prevalence (Suby 2014). 
As reported in other populations, age is a relevant 
factor and older individuals are usually more affected 
by spondyloarthrosis (Jiménez-Brobeil et al. 2012; 
Novak and Slaus 2011; Rojas-Sepúlveda et al. 2008; 
Van der Merwe et al. 2006; Waldron 1991; Weiss and 
Jurmain 2007). Furthermore, the highest prevalence 
observed in females in the Southern Patagonian 
sample is consistent with previous studies in some 
populations (Rojas-Sepúlveda et al. 2008), while 
other works reported no differences (Novak and Slaus 
2011; Waldron 1991), and some of them pointed 
out higher values in males (Jiménez-Brobeil et al. 
2012; Novak and Slaus 2011; Van der Merwe et al. 
2006) as described in the vertebral column of the 
SMLC individuals (Moreno Estefanell et al. 2018). 
Thus, there has been no consensus on the effects 
of sex. The other two degenerative signs observed 
at apophyseal joints usually present a decrease 
in S1 (Novak and Slaus 2011; Rojas-Sepúlveda 
et  al. 2008; Üstünda  2009). The same pattern 
was observed at SMLC, where a prevalence range 
of 66.7% in L5 to 54.5% in S1 was reported for 
lipping. A similar situation was observed regarding 
eburnation, where the prevalence obtained for L5 
was 80% and 54.5% for S1 (Moreno-Estefanell 
et al. 2018). As observed for osteophytes, there 
was an increase in the prevalence of eburnation 
in older individuals (Jiménez-Brobeil et al. 2012; 
Novak and Slaus 2011; Rojas-Sepúlveda et al. 2008; 
Weiss and Jurmain 2007); some authors indicate 
a higher prevalence in females (Rojas-Sepúlveda 
et al. 2008), while others in males (Jiménez-Brobeil 
et al. 2012; Novak and Slaus 2011). Therefore, 
there is no consensus about sex. However, in sacral 
bones from Southern Patagonia, the prevalence of 
lipping is higher in females and eburnation in males; 
these are opposite results to those observed in the 
vertebral column of human remains from SMLC 
(Moreno Estefanell et al. 2018). Traditionally, a 
positive relationship between degenerative disease 
and physical activity has been postulated (Bridges 
1992; Sofaer Derevenski 2000). Nevertheless, 
recent studies indicate that osteoarthritis is not a 
good indicator of lesions deriving from physical 
activity; instead, they highlight subjacent genetic 
influence and thus, heritability, which reaches, 
0.6-0.7 in the case of spinal columns (Weiss and 
Jurmain 2007). Furthermore, in Southern Patagonian 
populations, a high level of isolation and a variety 
of lifestyles are described. Apophyseal signs could 
be more related with changes in lifestyle due to the 
high levels of osteophyte prevalence observed in 
the SMLC; nevertheless, the higher prevalence of 
osteophytes reached in our pre-contact sample has 
only been reported in another pre-Columbian sample 
(Rojas-Sepúlveda et al. 2008). These contradictory 
results and multifactorial etiology, essentially the 
controverted relationship between activity and 
osteoarthritis, should be taken into consideration 
in further interpretations.
The presence of SL in sacrum is scarce in 
clinical and bioanthropological literature (Merbs 
1996b). The frequency observed at Southern 
Patagonia (3.6%) is similar to the results observed 
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in Inuit populations from Alaska (4,4%) and Canada 
(4,1%) - Merbs 1996b -. As indicated above, the 
etiology of this pathology remains unclear, with 
congenital and lifestyle factors being the most 
plausible causes. Nevertheless, it is remarkable 
that two populations so distant from one another, 
such as Inuit and Southern Patagonia populations, 
both hunter-gatherers in cold environments with 
different lifestyles, presented similar levels of 
SL, even at the level of the spine (D’Angelo del 
Campo et al. 2017). This may be associated with 
non-congenital factors, such as those related to the 
environment, and not associated with lifestyle, for 
instance a cold climate. However, this association 
has not been previously studied for sacra. Hence, 
as observed in our Southern Patagonian sample, 
this lesion has been reported primarily in young 
males (Merbs 1996b).
SBO has been widely studied in the field of 
paleopathology (Kumar and Tubbs 2011). However, 
the comparison between different studies is difficult 
due to the lack of agreement on methodological 
features for describing and classifying lesion. For 
example, several authors have expressed the need 
for a clear classification system for the sacral canal 
closure (Albrecht et  al. 2007; Hennenberg and 
Hennenberg 1999). The results obtained from the 
SBO review made in the present work supports this 
claim. Besides, SBO levels in Southern Patagonia 
remains within the ranges indicated for different 
populations (1.2-50%). The range observed in this 
review was between that proposed by Albrecht 
et al. (2007) and Eubanks and Cheruvu (2009), but 
closer to the former. SBO high levels have been 
associated with biological isolation and endogamy 
(Ferembach 1963). Nevertheless, although the 
Southern Patagonian sample had an important 
degree of isolation, its SBO prevalence remains 
low. Only when considering the second range of 
prevalence (2-25%), should SMLC individuals 
(27%) be considered to have a high SBO prevalence. 
This value could be associated with biological 
isolation or a lifestyle change, as described for 
other pathologies reported in SMLC skeletons 
(Crespo et al. 2018; Lalueza 1997; D’Angelo del 
Campo et al. 2017; de la Fuente et al. 2015, 2018; 
Moreno Estefanell et al. 2018; Pérez and Monteiro 
2009). The combined effect of both factors could 
have been an important determining factor to 
maintaining and even increasing the prevalence 
of this pathology. The frequency of SBO was 
higher in males as previously observed for other 
samples (Barnes 1994; Eubanks and Cheruvu 
2009; Groza et al. 2016; Masnicová and Benus 
2003; Mulhern and Wilczack 2012). Furthermore, 
an unexpected decrease in prevalence in relation 
to age was observed according to results obtained 
in previous studies for this pathology (Albretch 
et al. 2007; Eubanks and Cheruvu 2009; Groza 
et  al. 2016; Sutow et  al. 1956). As Kumar and 
Tubbs (2011) have indicated, the most observed 
hiatus sacralis pattern across different studies is 
a high frequency of anomalies at S4 and S5 and 
a slightly lower one at S3. Usually, only one or 
two vertebrae are affected, but this figure can be 
higher, particularly in the sacral neural arches 
(Masnicová and Venus 2003).
Finally, it is important to note some limitations 
of this work. First, the scarce sample size, which 
limited the statistical evidence of the results. As 
justified in the biocultural context section, the 
existing, available Patagonian samples are limited. 
Secondly, a methodological limitation was found due 
to the lack of a standardized method of comparing 
SBO results, given that almost every author who 
has written on this subject proposes his or her own 
methods. The present work proposes the generalized 
use of application of methods used by Kumar and 
Tubbs (2011) to help standardize the study of SBO, 
as they follow clinical descriptions of the different 
pathologies studied in this paper. Finally, the 
reason(s) underlying the SBO pattern described in 
the present study requires further investigation. he 
present study, however, offers a starting point for 
discussion of this topic that has not been addressed 
in any previous works (from the list displayed in 
Table 1, Supplementary information table 1).
Conclusion
Our results confirm the hypothesis that sacral 
pathologies in the Southern Patagonian sample show 
a similar pattern with respect to previous studies on 
pathological signs. Therefore, SMLC individuals 
presented a higher prevalence of such lesions than 
pre-contact and post-contact samples from outside 
SMLC, except for SNs, where pre-contact and 
SLMC samples showed similar values. The higher 
predominance observed in IG is directly related to 
the fact that SMLC was in this area. The effects 
of age and sex showed similar lesional patterns 
with respect to other populations. It is important 
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to note that, as previously described for SL of the 
spine in this same population, the high prevalence 
of SL reported by the present study in the sacrum 
resembles very closely the results observed in Inuit 
populations.
Despite SBO being widely studied, there is 
still no standardized methodology for addressing 
this lesion, which makes it difficult to develop 
and discuss comparative studies. Furthermore, we 
strongly propose the generalized application of 
methods employed by Kumar and Tubbs (2011) 
as a standardized starting point. In the course of 
the present work, a continental pattern of SBO 
was detected, with low prevalence in Africa and 
Europe, intermediate in America, and high in Asia 
and Oceania. Future studies should involve a deeper 
analysis of this pattern.
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